Recent results have provided graphic support for the hypothesis that vesicle secretion involves a 'kiss-andrun' mechanism. Evanescent field microscopy has shown that, during exocytosis, intravesicular markers escape without collapse of the vesicular membrane into the surface membrane and that the empty vesicle is immediately retrieved back into the cell.
). TIR microscopy uses the property of an incident beam of light to be reflected back when hitting a surface of lower refractive index -such as the interface between glass and aqueous solution -at a specific angle, called the 'critical angle' [5] . Under these conditions, light penetrates only a short distance into the aqueous layer, but if fluorophores are present they can be excited and the resultant emission analysed. The high resolution and excellent signal:noise ratio of TIR microscopy is due to the thinness of the excited slice -less than 100 nm or about one fifth the width of a typical confocal section -together with the elimination of extraneous fluorescence.
Working with PC12 cells, Taraska et al. [4] expressed neuropeptide Y (NPY) or tissue plasminogen activator (tPA) as fusion proteins linked to the green fluorescent protein variant EGFP to serve as content markers, while DsRed-phogrin, a fluorescently tagged transmembrane tyrosine-phosphatase-like glycoprotein, served as a probe of the vesicular membrane. All of the markers significantly colocalized, indicating that the same pool of vesicles was being labelled. A depolarizing secretory stimulus led to the escape of vesicular contents, the rate of which varied with the size of the protein: EGFP-NPY escaped fully in less than a second, whereas the larger EGFP-tPA took several seconds. By contrast, phogrin fluorescence was not lost during stimulation and failed to disperse in the plasma membrane, a critical finding as this would be expected to occur in the full fusion model of transmitter release ( Figure 1B ; earlier TIR microscopy studies showed dispersion of membrane markers during constitutive secretion [6] ). Subsequent dimming of phogrin fluorescence suggested that the vesicle became reacidified in the cytoplasm, possibly rendering it competent to accumulate new transmitter and be reused.
In a variation of this approach, the cytosol of the same cells was non-specifically labelled with cyan fluorescent protein (CFP) and the fate of the negative image produced by unlabelled vesicles (no fluorescence) followed in the evanescent field during secretion. After stimulation, the vesicle 'ghost' remained intact, again suggesting no collapse into the surface membrane, as would be expected in a kiss-and-run model. A corollary of these experiments would be the demonstration of extracellular marker uptake into vesicles during the retrieval process. Such an experiment has in fact been done, this time using plasma membrane 'lawns' from PC12 cells [7] . Uptake of sulforhodamine at the sites of dense-core vesicle secretion was found, implying that dye uptake occurred while the fusion pore was open.
Coupled with recent electrophysiological analyses of transmitter release kinetics and endocytosis, as well as genetic studies of vesicle cycling in flies and mice, the evanescent field studies affirm that transient fusion is a major regulated secretory mechanism. A prediction of the kiss-and-run model is that vesicle recapture should be immediate. In this regard, the kinetics of resealing from the TIR microscopy experiments -less than 10 seconds -are entirely consistent with capacitance measurements in chromaffin cells which showed that, after minimal stimulation, rapid endocytosis of membrane occurs in seconds [8] .
In the work of Artalejo et al. [8] , more intense stimulation resulted in the suppression of this rapid endocytosis and the emergence of a much slower endocytosis, taking several minutes. Mechanistic analysis showed that the two processes are different: the rapid route is clathrin-independent, but the slower route requires clathrin. Interestingly, the two events involve different isoforms of dynamin; the neuronallyconcentrated dynamin-1 mediates rapid endocytosis, while the more generally distributed dynamin-2 mediates slow endocytosis. The lack of clathrin dependence in the fast process makes perfect sense if it represents the final step of transient fusion. The purpose of the clathrin cage is to deform the membrane, but as there is no collapse of the vesicle into the surface membrane in kiss-and-run, the requirement for a deformation step is eliminated. Some may still argue that the cycling behaviour of dense-core vesicles differs in some fundamental way from small synaptic vesicles, and exo-endocytosis at fast synaptic terminals is mostly or entirely by a complete fusion-clathrin coated vesicle pathway, perhaps modified for speed [9] . For example, experiments in which synaptic transmission in the squid giant synapse was inhibited by injection of low affinity peptide antagonists of clathrin cage assembly were recently offered as support for this idea [10] . As yet, TIR microscopy, which might yield a definitive answer to this question, has not been applied to synaptic terminals labelled with protein markers. But capacitance analysis, while possible only at few synapses, supports the notion that endocytotic rates are plastic and vary widely with the degree of stimulation. Recent spectacular experiments at the Calyx of Held synapse [11] showed that low stimulation led to retrieval rates in the 100 milliseconds range, whereas tetanic pulses resulted in retrieval rates of tens of seconds.
Genetic studies support the existence of alternative modes of vesicle cycling at excitatory synapses. Elements of the elaborate machinery thought to mediate clathrin-based endocytosis have been genetically eliminated in flies, worms and mammals, and this was found to have little effect on synaptic transmission at physiological levels of stimulation. For example, ablation of the dynamin-and clathrin-binding protein amphiphysin, much touted as an essential factor in synaptic vesicle recycling [9] , had no effect on synaptic transmission in Drosophila and only minimal effects in mice [12, 13] . More tellingly, loss of endophilin in flies, which completely abrogates clathrin-dependent endocytosis, was found not to affect synaptic transmission at low rates [14] , probably because of the persistence of a recycling pool of vesicles maintained by kiss-and-run [15, 16] . While the endocytotic characteristics of transient vesicle fusion differentiate it from complete fusion scenarios, the mechanism of kiss-and-run exocytosis remains unclear. One obstacle is that the composition and operation of the putative fusion pore that mediates transmitter release is still obscure. Despite advances with model systems and several proposals as to the operation of this structure, its assembly and mode of action are still not understood. The fate of vesicular matrix proteins, such as the chromogranins, during kiss-and-run is also not known. It is predicted that such proteins would be retained in the granule lumen, and this should undoubtedly be amenable to investigation using TIR microscopy with GFP-chromogranin as the fluorescent reporter.
Another perplexing issue is the fate of the SNARE complexes -believed to mediate membrane fusion events in the secretory pathway -in the kiss-and-run mechanism. The transition from a tight trans-SNARE complex to a cis-SNARE complex on the plasma membrane during the fusion reaction, followed by SNARE dissociation was thought to be an irreversible event, but if kiss-and-run is a reality then a vesicle that has already fused -made a connection to the outside of the cell via a fusion pore -can reverse the process and detach from the membrane. Might reversible association of v-SNAREs and t-SNAREs mediate secretion in the kiss-and-run mode, with retention of the v-SNARE by retrieved vesicles? The relationship between the scissioning action of dynamin GTPase and the closing of the fusion pore also requires further investigation. Dynamin-1, perhaps in collusion with as yet unspecified partner proteins, might mediate rapid vesicle fission [8] . Notwithstanding these molecular questions, analysis of the stimulation-dependent processes that control vesicle switching between kissand-run and full fusion modes is a fascinating area that may yield further insight into synaptic plasticity (see for example [17, 18] ).
